EGBE is also known as 2-butoxyethanol (2BE). EGBE is widely used as a solvent in various applications, such as in surface coatings, spray lacquer, quick-dry lacquers, enamels, varnishes, varnish removers, latex paint, metal cleaners, and in commercially available cleaning products. 2-Butoxyethanol causes cellular damage via formation of reactive oxygen species. Quercetin, a flavonol group of plant flavonoid, has generated interest because of its potential antioxidant, anti-proliferative, chemoprotective and anti-inflammatory properties. Quercetin exhibited significant antimutagenic and DNA-protective effects against oxidative damage due to the presence of hydroxyl groups in the molecule; it is considered an excellent free radical scavenging antioxidant owing to the high number of hydroxyl groups. Materials and Methods: 2BE was given orally to male mice for seven days at two doses (450µl &900µl/kg b.w.). Quercetin was dissolved in corn oil. The animals in positive control group were treated with only corn oil. Quercetin (20 mg/kg b.w.) was administered orally for 7 days prior to 7 days treatment of 2BE for the two doses. Quercetin (20 mg/kg b.w.) was also administered for 14 days (7 days before and 7 days during the period of treatment with two doses of 2BE). Result: the two doses of 2BE induced both micronuclei (2.88% and 12.77%) and chromosomal aberration in (50% & 72.8%, respectively) of cells. Quercetin administration lowered the frequency of micronuclei and chromosome aberration. Conclusion: These effects of quercetin are to be taken into consideration while evaluating the possible use of quercetin as a protective agent.
INTRODUCTION
About 50% of synthesized organic solvents (OSs) are employed for the production of paints and thinners. 2-Butoxyethanol, Xylene, toleune, styrene, ethylbenzne , acetone and methyl ethylketone are some of most frequently and quantitatively represented solvents in the composition of paints 1. It is well documented that several OSs are potent carcinogens among population at risk. Their genetic effects have important implications for cancer induction 2 . EGBE is also known as 2-butoxyethanol. EGBE is widely used as a solvent in various applications, such as in surface coatings, spray lacquer, quick-dry lacquers, enamels, varnishes, varnish removers, latex paint, metal cleaners, and in commercially available cleaning products 3 . The toxic effect of 2-butoxyethanol is caused by the formation of reactive oxygen species (ROS). There are several studies reporting that 2-butoxyethanol causes cellular damage via formation of ROS. ROS are believed to cause lipid peroxidation resulting in damage to biological membranes 4 . Quercetin (QUR) is a polyphenol (3, 3', 4', 5, 7-pentahydroxyflavone) . QUR found in vegetables and fruits in the form of a glycoside (with an exceptionally high concentration in onions, apples, tea and broccoli) 5 .Several studies indicate that QUR has multiple beneficial effects MATERIALS AND METHODS 1. Chemicals 2-Butoxyethanol (2BE), and Quercetin (3,3_,4_,5,7-pentahydroxy flavone) were purchased from Alpha Aesar, Germany. Colchicine and Giemsa stain were purchased from Sigma Chemicals Co.
The chemical solutions were freshly prepared prior to experimentation as followes: Quercetin: 26 mg was dissolved in 5ml corn 312 oil. 2-Butoxyethanol suspension: 11.7 ml were added to 88.3 ml water.
Experimental animal
One hundred and twenty Male mice between 8 and 10 weeks old, weighing 26±2 g were divided into 12 groups (10 animals per group), maintained at room temperature at 28±4•C with 12 h dark and 12 h. light cycle were used for the study. Standard food pellets and water were provided ad libitum.
Dose and treatment
One hundred and twenty male mice were divided into 12 groups (10 animals/group). Each animal was orally administered the test solution according to the following scheme: G1a: Water control for 7 days.G1b: Water control for 14 days.G2a: 7 day corn oil (0.1 ml daily for 7 days).G2b: 14 day corn oil (0.1 ml daily for 14 days).G3a: 7 day quercetin : 0.1ml of the suspention daily for 7 days).G3b: 14 day quercetin : 0.1ml of the suspention daily for 14 days). G4:2butoxyethanol (450µl /kg b.w.) 12 : 0.1 ml daily for 7 days.G5: 2butoxyethanol (900µl /kg b.w.) 12 : 0.2 ml daily for 7 days G6a: quercetin was administered for 7 days before to 7 days treatment of 2BE (450µl µl/kg b.w.). G6b: quercetin was administered for 7 days before to 7 days treatment of 2BE (450µl µl/kg b.w.) and 7 days during 2BE treatment.G7a: quercetin was administered for 7 days before 7 days treatment of 2BE (900µl µl/kg b.w.).G7b: quercetin was administered for 7 days before to 7 days treatment of 2BE (900µl µl/kg b.w.) and 7 days during 2BE treatment
Micronucleus (MN) assay
At the end of experiment, The MN slides were prepared as described by Schmid 13 . The bone marrow was extracted and smear was prepared, air dried and fixed in absolute methanol for 10 min and stained with 5% buffered Giemsa (pH 7.0) in the following day. Polychromatic erythrocytes were scored for micronuclei under the microscope.
Chromosome aberration (CA) assay
The CA assay was carried out as described by Yosida and Amano 14 . Experimental animals were injected with 2mg/kg b.w. of colchicine 1.5 h prior to sacrifice following 24 h and 48 h of the treatmen of test chemicals. Bone marrow cells were collected by flushing with 0.56% KCl (prewarmed at 37 •C) from femur bone and incubated for 20 min at 37 •C. The material was centrifuged at 1000rpm for 5min, fixed in freshly prepared aceto-methanol (acetic acid and methanol in the ratio 1:3, v/v) followed by refrigeration for 30 min. The material was centrifuged and resuspended in aceto-methanol. The slides were prepared by dropping the sample on chilled slides and run over the flame. Staining was done in 5% buffered Giemsa stain (pH 7.0) after 24h, air dried and covered with cover slips. 50 well spread metaphase plates were studied per animal (5 animals/group).
Statistical analysis
The data obtained in the present work were represented in tables as mean ±standard error. Statistical analysis was carried out using (Statistical Package for Social Science) (SPSS) software version 20 for windows, significant differences among groups were evaluated using one-way analysis of variance (one-way ANOVA). The detailed data of chromosomal aberration (CA) analysis are shown in Table (2&3) . Quercetin induced non-significant increase in the frequency of abnormal cells with CA (P < 0.05). 2-butoxyethanol induced both structural and numerical aberrations ( fig., 1,2&3 ) at the two doses (450µl/kg b.wt. and 900µl/kg b.wt.), the percentage of abnormal cells recorded were (50% & 72.8%, respectively). This percentage decreased after 7 days treatment with quercetin 313 (22% & 33.2%), respectively for the two doses of 2BE and (9.6% &16.4%) after 14 days. Quercetin protected against the effect of 2BE by reducing the percentage of aberrant cells. The highest level of protection was observed at 14 days.
RESULTS

Effect on micronucleus frequency
DISCUSSION
The cytogenetic effects of exposure to Organic solvents is due to their ability to make oxidative stress. Oxidative stress (OS) is caused by increased exposure to oxidants and / or decreased antioxidants capacities. It is widely recognized as a central feature of many diseases 15 .Exposure to OSs can also lead to mood disorders, with depression, irritability and fatigue being common symptoms. Peripheral neurotoxicity usually results in paresthesia, tremors and diminished fine and gross motor movements. Volatile organic compounds have been implicated also in kidney damage 16 .
Our study aimed mainly to evaluate the cytogenetic changes associated with exposure to 2-butoxyehanol compound by oral ingestion. 2-Butoxyethanol, a chemical solvent that has been shown to induce hemangiosarcomas mainly in livers of male mice 17 , with some occurrence in the bone marrow (BM) and spleen after inhalation exposure 3 . Exposure 2-butoxyethanol resulted in genetic instability characterized by a delay in cell division and resulted in a significantly higher level of chromosomal aberrations and a higher percentage of aberrant cells in than in their matched controls, they had a significantly higher frequency of breaks, polyploid and endoreduplicated cells which can result in the development of specific congenital anomalies 18 . The increase was concentration dependent. The detection of polyploidy (which corresponds to an exact multiple of the haploid number of chromosomes) and endoreduplication (in which at mitosis the chromosome consists of 2 doubled chromatids instead of 2 single chromatids) resulting from exposure to 2-butoxyethanol, indicating defects in the Gl/S and G2/M checkpoints of the cell cycle 19 .
El-Zein et al 20 suggested that exposure to EGME (2-BE) in utero could result in terminal chromosome rearrangements and shortening of telomere length, leading to the observed 
CONCLUSION
People who have to use organic solvents as a part of their daily work are experiencing the effects of 2-butoxyethanol exposure. Quercetin was found to be very excellent protective plant extract antioxidants protect against free radicals formed as a result of metabolism of 2-butoxyethanol, these free radicals that harm genetic material leading to dangerous diseases on the long duration. It is found to reduce the frequency of chromosome and chromatid type aberrations and they limit the number of micro nucleated cells. The protective action of quercetin is more effective at 14 days than 7 days. Quercetin is found to reduce the percentage of chromosomal aberration and abnormal cells as it is a powerful antioxidant, it is able to scavenger reactive oxygen species (free radicals) formed by 2-butoxyethanol in the cells , these free radicals damage DNA and hence cause defects in the chromosomes
